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(57) Abstract 

A method for determining a DNA base 
sequence which comprises fixing in an 
extended state a molecule of a single-stranded 
sample DNA (7) carrying a bead (5) at one end 
thereof and a magnetic bead (6) at the other end 
within the visual field of a fluorescence 
microscope by means of a magnetic force (11) 
and a laser trap (3); binding a primer (8) 
thereto; effecting an extension reaction (10) 
with a polymerase to thereby cause the 
incorporation of a single chemically modified 
nucleotide (9) alone labeled with a fluorescent 
substance differing from base species to base 
species; measuring exclusively the fluorescent 
substance thus incorporated as a fluorescent 
microscopic image by the evanescent 
irradiation (13) with an excitation laser (1); 
determining the base species from the 
fluorescent substance; liberating the fluorescent 
substance with which the incorporated 
nucleotide has been labeled by the evanescent 
irradiation (13) with an ultraviolet laser (2); 

and then effecting the step of the incorporation of the next nucleotide followed by repeating these steps. Thus, the base sequence can be 
determined by using a single DNA molecule, and a DNA consisting of several hundred bases or more can be efficiently sequenced. 
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1 

w m m 

*»Wtt. DNA, RNA»©4h«fMcBB1-*. ftKDNA, RN 

£to$ 6 04MFT?MKi:fcoT^.S. DNA, RNAoauSEJUfcjg, x 

«Wtltv>*. sjg-ett, yj i*mmz&mLx, ^cDNA&gg^j 

«S«Srffiv>5DNAJaiSg25iJ^3etcoVNT»i^-f*, ^fC&I&SttStJcft 
N A©ffifc0&g^Jffi#£f|ffiA<j£j[g 2 0 £gg0tf 'J If 3? ? Utff- 

L. m\ O' l! mo I ©««DNAiffifflmi@^$-frT, If 

S^3l^l/*f-K3 U SP*>, xtf^TrVS/yS (dAT 
P) . Tr**i/***> % s3 'J (dCTP) , x^S^T^ *>;y 3 
'J>$ (dGTP) , i/yz \) (dTTP) , Rxfz. 
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2 

l^fc®, 7f-> (A) ^^tS^^'fcS^^KfJt^PSl^tlS, ± 
!B£jfcT?d dATPC^UC, ^x^-^ri/^^^VS 'J>i(ddC 
TP) , $?r:**:>^7>'i'>3 U Vfifc (ddGTP) , i/T**i/* 
$i?>3 U >M (d dTTP) fc#*fl];tfcKj6*8fc£K:f?fc3 0 fib, 

a±0 4«©£J5S«&«^1-Si:, tt»DNAK:*MMSfc» 10 0 0 

oft 5fcSS}©J&M(cjfcbTJI 

1 0~ ,5 mo 1 *E, MHStlfcl*J|Bt&«Sti*ft(CJ: U 1 tt£ 

©#8Ptg-?#8£1-£« **iWtt»Ctt7^y/P75 KftMBMBO. 3mm 

0 2 fc©#7 x«oKics^-$ itfcW < «/B £ ftT^ S. ¥ 

«y;v±ji cK»ftftA l , *WLY)v<D±.rmmznn & win-*- s t , 

N A ©&£E?iJ£ 

J:S*ltt*#ft£f&fe#lfTl-*i:#, 4Jl©gf|£ lafomscAp^, 

DNA©&g|a?U£&£LT^.£ mi$¥4-5 0 5 2 5 Hf&$0 . 
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3 

ttft L fcJa£©&SIM*£«!#KS!l5£ LTKMD N A©*&2£12 
?'J£?&/£b"0'»'2> (Journal of BiomolecuUr 
Structure & Dynamics 7 , 301—309 
( 1 9 8 9 )). *30tt#Stfrci*, DNA*'J t?©Sg£L 

(MdNTP) S^TDNA^iJ — tfKJtgfeff *>€*Xg, 

&tt!Htcll1-X;g£ lt^fWl, *ft**y J: »J , KM 

DNA©££E?!!£fc£UTV>3. COflMESfCH:, llttWMtoM* 
■CDNA*ffl#*ftff±S*, US - ^7^7- • MdNTP©#£1" 

(«jft) frS, & Rfc£ L , «iOa*nfcMdNTPfttt 

SILT, DNAm#ft*^tB«:«»K:»VNTV^* (ftM¥2-57 97 

fgBJ©^ 

a«e . mm c & o x v ^ a d n A*atK7ijfc£tt-e c <fc y # 

fcSSfcTI-*. BP^, 5 0J£g£fc 5 1 JfcSS© 1 **ft«»d 
tf-CtTfc, 5 0 0i&m&£ 5 0 1J£££© 1 ffiggtt#«lT- S -5 tit 
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4 

&*3&&«:$ttT^&^ (Electrophoresis 13, 
495-499 (1992) , Electrophoresis 13, 
616-619 (1992)), $m®W&&&&m*.-Q 1 0 0 0JSS 
STfcSCfcfcfcSifrWCfcljiBSnT^* (Elect rophore 
sis 13,574-582 (1992)), BP*>, £ JS V > 

o o o&gs-cfc*, yyA**fK:ft*sti**a***E9ij» 

JtHftt, Wmft&m%.&mWiW<Dm*m.^X^Z> ( S c ience 
254,59-67 (1991)), ftgtfi*Jfc:*:M<D£ D- 

>T•£>3 Y AC ? D-> fcfc$J 1 Mi&gg&SCDT*. 1 0 0 OJ&Sfi-fo 

^*r-f*t*fiRl 0 0 0«©K»©«-«f*«tfH?-e**. U^L, ft^ 
DNACDH^eiRlC 1 0 0 O*atft-fo0W#£a^JS&< WR-egfc 

fcw»jao-c^*. z0%mi*>>3y hu>mtm$ft, w&vji>m 
mfcL®z*-A-y v7%ntz-&z>tz#>, m^m&mm^m^mm 
:©Moi86^tt«j y^y>^-4ifftfn, iaicttaE5«j*S'c 
ftftRfMftSJta* i o o ottata-ett i o^sts, 

BP*., HM^JSr^JSi-^SDNAO 1 0{g<Z>g$ <7>&gg2?"J&££0| 

fr-r . flgox, i M&m&o&mmFmfeM*® 1 eib© 

KJPfO^^iEHg-C**. 1 *©DNAtt«EfljfcJgftR-e$NffT»S* 
ttttftttl HSyft^T* 1 0 0K*4"C**. 1&"C I MJSSS±T© 



WO 98/33939 



PCT/JP97/00239 



5 

*aj&Wl 0 -,2 mo 10tt»DNAfcK-*-.5;fc«> f 9u——y?^>P 
iOUWDNA, a«»Ctt*-DNA^*Nft<taSE?«j*Se*<7f** 

^«5<tt»8SO»jft2af»3&^StCft*. Jiff, ^WlCtt iiho^w 
**#«"*"* C« o T 3©tr ^ # *M 3 ft . 1«« ©«l y * |C 

co d n aj&ss2?ij it mm t th « . 
w»=»y^-3TJRyji*n*c:i:tti:*i»*©fc«>HiiTf**. 120 
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6 

Xg, &U t MdNTP$ r #gqrf| i ft^j||,- M1 - x -g T . tt| ffift^^^M 
(C5iyii*nfeMdNTP^^©«^i:^C^yiiinT^^v^Md 

MdNTP^eoMtiEfllicfHi-cSftVN, f&MKJ&y&sn 

TV^v>MdNTP©#£gfcj&8t$tt, #K£©*tfl&LfcdNTP*i* 

^^***K:tor^7f*«faK:«y3i*n , T:v>*v^dNTP*<» 

CI <h fC J: y , »*IC*v^DNAO*gtEJ!(*ft«1-*36rjS, 
*»WTtt, HSDNAW (KM) &m3fcKt»fc©fc#|*|lcfcft 



WO 98/33939 PCT/JP97/00239 



*. miiillSttWoiSttcH^t SBSfc- kda> 

0>J*.«f, ^-i? KMtt2 -- ND^>^;^^A$tife 

©^U<tffi$nT^5 (Annu. Rev. Biophys. B 
i op hy s. Ch em. 1 8, 2 3 9-2 7 0 ( 1 9 8 9) ) . ^ 

«*«*Afi*-Cjli«i«IC«yii*tl*JStt*«IitTJ5*. 3 6 0 nm 

J*lHlC*WCRI*H*7**;UI (HAtf, CH,) 35-e&s 0 

^■S©tttB£#1-*ft*fclM*U**K©0!l£ LT, Texas 
Re dmmr-i! KdGTP©«fict»3H*^»7Htc^L3t. 313 
Btt. *Stcft#«E«it*»^«)tfi56«fH7f**<lGTP (312®) co 

(Science 238, 336-341, 1 9 8 7 ) (c , * 

»tt*/u*s;-r5 k (hooc (cho ,cooh) wmzitx, u 



WO 98/33939 



PCT/JP97/00239 



8 

yil-im*1V\'#**/)Vm£1rZ dGTPf§##£#.S. -IS, %4 
EiZTR-f <fc ^(c, 2-n it roacetophenon (Al dr i 
ch, N9 20-9) \z®m*ttM2itX, K*4©fili:=hnij 

"5 IC , Texas Red (Mocecul ar Probes, T- 
3 5 3 ) \z, m4m<D&m<Dit£®}*l'?®2-£m£2 J £Z>, ^VN-e, % 

&£S?7!/x#yg(;:g:&1-5 (J. Am. Chem. Soc. 11 
0, 7 1 7 0- 7 1 7 7, ( 1 9 8 8 ) ) . *3Bfc*6B0;&Sa<J>fb 
a*fcflUB*tt, !7ii;^tJ:^:, filltlTTexas Red 

(Texas Red) >r-:? K** l/*?- K (dGTP) £®£ 0 f& 
^§nfei?rt*^^l/tf KddNTP, fip*>, 

$*-*-i><temm£&?ftv&*tizz.t.i)mmztiT^z (nu c 

leic Acids R e s . 2 0 , 2 4 7 1 - 2 4 8 3 ( 1 9 9 2 ) 
( An a 1 . B i o c h e m. 2 3 4, 1 6 6 - 1 7 4 ( 1 9 9 6 )) 
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sat*#T*msnfc^r-S?KdATP f dCTP, dTTP^Slt 

*>-eft^o &K&miz®&i>—>f*%it%L, fcy&**ifcs*u**K 

-fe> h^*f*^v>S. ftiOIi, BP*>, (1) tfy tficj: Uft 
M*&ttSg**l£-f«. (4) *^R*CJ:«%fc¥££K:J:y 

«3t«»^-s?K«»K&aitft*«, ctftJuyaLT, #y *7-~t? 

SJD N A©Jg£fi2?iJ ft * . 
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1 0 

*&ti*tt«*fe*AO±aHC W £ i t t j;a B * 6cWfflBt 100 

*»WMMSk:«5>L. 5 1 5nm0ArU-f^^A ±J|Bf 

(Nature 3 7 4, 5 5 5- 5 5 9 ( 1 9 9 

£ t L tz X <J * 7 — fef E 1 0 t? Jft y a * * i fi cr)^ mm % n f _ 2 

-ar. « g tire**? * u ^ Kttr 9 ^ >mm 

1 5 0 nmttT©«-C**fc*t>, ff**®*ftl*ii/ji* < . »SiDN 
ACB«*ftfcK4Ma*^|f-Btt-C««. 2*5BBtt»^ M± 
*=K«tifcruXACiij4oK:»«LT. *M7a#-Mi 

* ll **'*t*, :«)S»i:oKli»2- 2 6 9 9 3 6 
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1 1 

V* * . U -If 2 ft y .J X A 4 £tf L T^«)*±^ j; »j L , 

1"*. tAAQXIitvg 1 5OnmaT0«H#**«JHI*3*i, 
-©££. -te;H*©affi*& l 5 0nmJ3lT©«fflK:fc*fcS#;fcl,fc 

****»r*J:^tc-b;Vil3©a«jftH : « tc -^ K:7n _ $ ^ < 

WC«*«. l«&ft«KWDNA7«)miK:««<ISl OOnm© 
K-X (lffiS#) 5, 6£*j!i££-£S, e-X©#3tttztf'Jx.^> 

-*©lf-X6tt«tttr»rFTV%*. :0«)SDNA7H 

-x 5 & u — »f h ^ y x 3 c «fc y -t jwommmommto izm&t * 

(Science 271,795-799 (1996)). I/— »f£ 

*2ftaiC»Xtoo**af 7*4 (Optics Lett. l 
1,288-290 (1986)). (#C#^U-lf|c * * h ^ 

(WW3F2- 9 1 5 4 . j, > X K J: y * 

#-©tt»DNA7©M|©tr-x (Bffifitt) 5© 

U— «f h7 y L fcfc, -t;i/©±T©ffitcW5:^rSl(c«s 1 
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1 2 

4St, *-DNA^f 7ft5|##|ft (Science 271, l 
835-1837 (1996)). 9f »#tf1-*lttMC!>*«3 

I- 1 o o nmj^T^-eieg^-its. 

Sl±RW L fc J: 3 c , *»WT?J4, l«®K*DNA*&*£fia|& 

•iffl k w y a * n t ^ * v MbSM£«? * * u a- ^ k l -e , & 
fls*^**Ko«« ! b«ifiic«yji*n«:3[^u*^K«»*ica«»ic 
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1 3 

&fc&fc®TOf*|R|tto. os»-c*y. ±E©0. 1 

iKttO. 5#£g-r* 0 

*Al**t (Nature 374, 555-559 (1995) ) , # 

©T, -fr^i^AC!**^*.*^. SI^«^« t cJ:»jm^«l«^r 

-T?3S«lT?§S (Annu. Rev. Biophys. Biophys. 
C.hem. 1 8,2 3 9 - 2 7 0 ( 1 9 8 9)) . &±<DXm*n> 

*1Nr*;w3yo. 3#£<££lt*,, l ® <dv<< i 0?«y£ 

«6BW8ue©a*i* i*as/»aTK«:*. *»9§©#&*ft*tift 

1M#, BP*,, $1 2BM7?H7T?#. ttlfeSrCHEfrLfc 

aJ:y lflifivM&lHlfcfc*. *5BW©^l*"ett, ^^[(Dlil-^^tc 
«»©K»DNA&«»LTifcWLT»aT?S«. £tz, fl-K»DN 
A©^«ffiig©Jasg2^JSrl^«f(c^-et5 Q Mitkf. ±13 1 MJgg 
ft©KftDNA®2*«t#ftU MtmttOWft-cibfc LTff 



WO 9803939 PCT/JP97/00239 



1 4 

N A £ TO* d £ IC * »J , ft© 2 |i:#4©±«gg2 

fozmtm. mz®, m3m, %4®, ms®, m6®, m7®&, « 
gt PMmtefr$<D4t¥5i!fcZK+®, ms ®&*%w<Dmmm-?m^ 

STexas R e d^SH^r-i? K d GT P 0>ftftm5i.Jfo*mt®, % 

&t®, mi om^mmoymmmco^mmmoy^m^^t®, m 

iH**&Hj0^jK50»|-efiiV%.5BOD I P Y&f&^-SJ Kd ATP^ii 

mi 7ia{;M^i£0§&ffi#j'e;Bv^BOD i py»-j; 

IPY^HS/r-^KdGTPO^iiSr^l-^, mi 9 0t±*fgBj0||JS 
0>J-?Evn*BOD I PY&f^-^KdTTP<aMit£*m S20 

m2in, m22n, m2 zmt*mR<»m&m^<»n i $m®i^:- 
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1 5 

» 2 9 Htt*»WO§feK«|T«^*«J6*»^r-s; KdGT P©;fitig£ 

OHtt*IB98O*ft0ye«v%*a316««^-S? KdTTP 

>r- :?KdCTP®#H6*w-*H. £3 3Bfi*ft«®£ft09-?ffi^s 

m^sa^r-^ k d gt powfi^^rea, n 3 4 eat**^®*^ 

T?fflV%*«3t««^-s?KdTTPO«ia*jRi-H, 533 50tt*^BJ 
1 ) 

trnxmrnm imt2-rfo tjn^a. ^<dbi 
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1 6 

-KX 1 0 0, 1. 40NA) £^-5. Z(Dt 

-fe;V©±®3 7{*m$ 1 mmcD53H4X-7^ K#5X, -te;Kz> 

ml, -t;i/±^*<ot:^e i o ontnommT'U&mffiasmt-rz. 

-fe;W*<Z)±M3 7 IC, mi O0tC^1-J:e)tC6 0° 

u x a 2 4 & K®.$t\z ±vmytz%i K^m&ytyv -tr u > *k u t& 

mi 2 2 4®M^t, Xx-*2 6lCttL 

TMiS±^rj; y{£ffig&3&g(Dfc#©y\ny>7>:7 p 2 2^£<5[)ft£ ( 

^ >f>t-^x2 3 -QmitzitT, x>; xa 2 4<D±®a¥®gR# 

^SiLX-tr^^lcWt^. ttz, 7s7—V2 6i:^LT6 8° (DAW 
fc£T?#to±#J;»J, H 1 0g|JC^t7'UXA2 4©^{U$4®SP^S:ji 
LT, 48 8 nm©Ar^3|->l/-if l 5 (20mW) , 5 3 2 nm(D 
YAGU-- »f 1 6 (2 OmW) , M3 5 5 n mO/^X%|Y AG U 
—9-* 17 ( 1 Om J ) fe-b;W2 ±)W<D&fiT* 

-tl^ 3«OU— »fe-Att±K»^7- 1 8. *V*D-i*.;/** 
7-19, 2QZm^zm®X-2»2 ItL, ^g§«ll 0 Omm0U 
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I 7 

^S&LfcU— tftf-A2 U*. ^f-^ 2 6 iZM LTM±U 
IZ, mi 0m\Z&-f7V Xl*2 4<D&W®W®tt*mLTtiS%Zl£Z 0 
-IS, 1 0 6 4nm©YAGU-f 1 4(10 OmW) *l#40u4 y 

U — *flf-A2 1' tt»tri/>X2 7CJ:yiiffiBlAem 

KisifTSo ^□y>^>7 p 2 2^e.©tti^4s©L/— ^ i 4,15, 

16, 171*, 3>tfa-^tcJry*©ttJA^»«Xtt-fe;i/2 5^©M 

Jib. ^~A^7 , >;'y^-3 0{C*^T^8S$:2^fRHC^ft^tlS. If 

2 8T?»t«ItlJSc^"3fc 1 0 6 4nmOM*4lC*j; h + Sfcfctc-tr 
vM-S. ^-A7.yy y*-3 0-CEftLfc#|fiJ©3y&l*. 2. 5fc 
©fi»UyX3 5 <*y>/<*ttR, NFKX2. 5) fC * y $ *i , 
ertl/-h©CCD*^ 7 3 6T'2^7C^£tJ$tl^. KDCCD*^ 
7 3 6ttiKK»DNA0jme*fT3S:^|Rlcfflv^ o fcrr*flW*=E=. 

*-K«fcy ^tu-MoyT^^Auw-eis. ccda^ 7 ® 

&&®©;*;t$fcJ: 1 2. 8X12. 8mmT*y, 2 5 x 2 5 /imO^ 
**0 1H*W, 5 12X51 2H*Sk^T*toR3nT^S. ttftiBT 
Oi» 1 0 0 x 2. 5 = 2 5 0fflf«5©7f. «»0**Stt5 1. 2 
X5 1. 2#m, 1 0 . 1X0. 1 /xmJC*fj5S1-5. ftf&j 
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1 8 

u>X2 7©T^^«(± f 4^nyuxA3 i£4a©™7^* 

~3 2*®.fr$t>iktzyt¥%?*m®iS1ttz&, 2. 5te©«f£l^X 
3 3 (*»>^7>*±S!f, NFKX2. 5) K *i , J^gU^ 
tcCCD**-? 3 4T2&5c!fcJ±i$ftS. -OM^2^5SCCD*^ 
7 3 4tt^icm3ttfiftUc^VN5. ft*P3U#7nCCD#p<-7<D&fUffi0 
^^ li25 « 6X25. 6mmT£>U, 2 5 x 2 5 £cmCD*t 1 
1 0 2 4 X 1 0 2 4®&M^$/££*IT^.S 0 MlTOi 
«*W:l00x2. 5 = 2 5 0tefc®?, liS^iO. 1X0. 1 

^1 3Htc^-f £?\Z, ^IC#A£ftfc4#S!|7'JXA3 1 (c J: U , 
5 1. 2X5 1. 2 /Cim0$iiJ<D&4 1 £4o{C#iiJ-f -5. #S»J£ftfc 
#«©^^Xtt, ^aJM"C12. 8X12. 8mm0«l4 2"e*U, 4 
^OWl^Ci^ij^^^j;^;, 2 5. 6 X 2 5. 6mm<D® 

4 3 4o©=§.«lcm$iiS^7-<;l,^-tt, 

500~520nm, 540~560nm, 560~580nm, 

5 8 0-6 0 0 n m j8Sgi£ 7 0 %^±Ojg3i^$:^* > , 3 o 

o-iio o nm<D&&mmozft<ommmw'?<Dm®mt 1 o~ 4 & 

Ttl-S, l/-fjfiS-e*S3 5 5 nm, 4 8 8 nm, 5 3 2 n 

zntz4^<D&&izmmtfttifctt\ft>tiz, n-^x, 1024x102 
4 si* ± on & <d * p, -t * 4 & <Du&m m tz n & mnm 
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1 9 

NA«4 8 5 0 2**ft"e*0±aiSEMatBa-e*3®T', *%1%0) 

*&<o%mmmzm+&it*)<»&m£Lzxm'e*>z. adna«2 

4 IS J: }IC, &&2jS&*V3X9)/*f'\*Qpl t ADNA44, 

4 505' %.ffllzm-&tZ*V ZfZVUt^ K4 7 CD5 ' 3*3»K:telf* 
^>49S:«»L, ADNA44, 4 5 © 3 ' 5fe*l y 
*U*?-K4 6®3' **KItt^#'»4 8ft««LT*«. £j&2 
^3?^l/2t-^K©ADNAt*B»«i-^5:^gU^0^ig?iJtt2 

o 

— Ml 5Htc^-f <fc?K:, it&$jO. I nm<D#V z^\yy¥-x 
(MfiflO 5 2 GDfl-^mcT. hWf hTkT^>5 0 £&7S 

(bmb&#) 5 3<Dftmm\zm*?zf*isytfi#.5 1 &&t$ K^tct 

«*"C^t5©?, ADNA4 4, 4 5 ttffimi: =fe E 5 ' 
ttSflfT^4^t-X5 2^L, 3' tf- 
X5 3*<H#1-*. mi 6B^eil 9@tc^1-ifilii$:^o4M®'fb^ 

^t5. ^UittBODIPY 4 9 3/5 0 3 C3 (Mole 
cular Probes, Inc. S, D-2190) LT 
ft-D^-P Hd ATP, $ 1 70ttBOD I PY 5 3 0/5 5 0 C 
3 (Molecular- Probes, Inc. , D - 2 1 8 6 ) £ 
LT#o^-S> KdCTP, ^18|21ttBODIPY 564/ 
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2 0 

5 7 0 C3 (Molecular Probes, Inc. , D-2 
2 2 1) *mmt LZ&'D'r-i? KdGTP, * 1 9g|ttBOD I P Y 
5 8 1/5 9 1 C3 (Molecular Probes, Inc. 
H. D-2 2 2 7 ) *«»*LT»o4r--S>KdTTPT*S. 

ffimiZV-X5 2, 5 3 *i»HfcADNA44, 4 5&l*i«S 

mmmnzf— ^2 6{c@je$nfe"fe;i/2 -50* cam* 7 
n-zitxmx-rz. tr, tzi, mi obc** 

l^-Ur'J^-3 04 1 00%Slf^7-tlT, tt»DNAj*« 

it LT* 2 0 ft* 2 3 BK*1-fc» 5 4 *«** *. * 2 0 BlC* 
1-J:^IC, *-*-±-CIS)ftDNA4 4, 4 505' $W:tS^U: 
*tt**WTV**v^-X5 2**ott*. Xt 1 -*****!^** 
LT (5 6) , * 2 1 m \Zm-t <fc "5 IC. i E-^-±0^{U4'*g|5lw|ajt 
LT&S 1 0 6 4 nmOg^b-f0i^f| 5 5 {C, ±e©jaolt 
fcl^-X5 2*M<, 1 0 6 4 nm©#fl.l/— «f *f§8&$-&, ^ 

— <f h^yXKJ: y±IB©Jtoltfctf-X5 2*dr£©tf-Xi: LTJt 
(5 7) . JUgT-SfcfrgjHi, X x- S> it ft «f1"<>|c 

am*fftf7D-$Ht ( 5 8 ), *2 2BKiR1-J:}K:, fit 

5K«fcU*¥;frfflC«**P6ai3*, * 2 3 Be** J: } CK»DNA 

S^F-fr (59), W*©£-XT**ftfcK**DNA4 4< 4 5 §. 

91 §#(**. i*l6 2fl|Otr-X^*-ODNA©PI«iC||^LTV^ 
£fc©*Btt, !f ©IMi 5 5&^»$ifT. *«©tr-X 

5 3^©ift.#^|siW-r5ci:&Mn^^. DNA^&gitflitfo 

a**^«fc^C««A&Hfff*. :©^ADNA4 4, 4 5$:?| 
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2 1 

*M*tf1-fc±fttt»l 6. 5 yumKfc y, 5 1 . 2x5 1. 

-X*H5S1-*fc©© 1 0 6 4 nrnOU— !f&CFtteU:ffl$«ilt 
T, ADNA$rMISLTfe< 0 

D *^^3 9fC^m^§:A*r$itSo U-1f ftJSW©ftj&<-fe;i<4MCSA 

i©ft*»*7^1/*fHtSequenas e Version 2. 

SWDNA©S*€r«IC7l/y>aftfi|Rcfil* 0 ft^»i* * 
K©!MEtt4afcfc lOOnM, #U *5~t?aj£tt lOOunit/ 

nf*y, v^rn*a#©#y^5— t?Kjt6:©»i/i o o o-e&a. 

TTi^-V AttJ: UJEJg^tlTV^S Sequenase Version 
2. OttS©Tft^ffim#Att£*tfcy, #£3jg|$3 0 Oiggg 
/$&±=fe&£ 0 1 OOnMafofiv^^ WKHtTtt 
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2 2 

4 8 8 nm&tf5 3 2 nmCDU-nffc l&MfltL. )fKtt 
KWflS-ttTfriPCCDjM? 3 41? 1 WmiftZo U-1ftf-A2 
lttt;l'2 5W©±gffi?iS|tL 1 «b^Ort»K:«ii^6 1 5 0nm 

^®A>e 1 0 0 nm«T©«fflK*llie3ftTV>Sfc«>, 1?£ 

ttfcv^ JMPCCD**?3 4icJ:S*ai*&. ±«J?©5 1.2X5 
1. 2#mlcov>T, 12 4BK*1-J:3{C4#Mfc©JB 1 ~fg4^ + 
^*;V6 1~6 4&=E^*-6 01C«^*S. JR»J 

HO 1 ftfeftlCttft?-** l~i4f+ (ft 
6 5. 6 7, 6 9, 7 1 ft SiftSift LTfctBI-*. 

l»3fej*<Dj|l^|l4^ir>*^0<fc©|faiiRJ«6 6, 6 8, 7 0, 

4^@©»^6 5, 6 7, 6 9, 7 1 tt*m4>jBa& £ * K'> L^o-e© 

ffi«*^bf *4«Oj»j«tt3>kf 3 -^-(c«fcy g» 
iit5 « 1 ^* N ^©^^{cmL^S!j$nTtf-ifl!l$tvS4^(D 

^^©Jt^ei»*»C^^0«SS:i«SiJTtS. ^vnt, 3 5 5 n 
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2 3 

x/<*y<t> hmmzffi&1rz. K»DNAtt-fe;vW©±«iii^ft 1 o 

T©Ig&-jeB&raWW'C»U>g1-. 3 5 5 nmC^Uil^^O. 
4#>&tc, 4 8 8 nmS.tf5 3 2 nmfflV- «f £0 . 5#P H l^|jfL, Z. 
^PD«ilT^CCD*^7tO. 5WS3tL, ffiJMMMt-CJK»j 

8 nm&tf 5 3 2 nm©U--*fJHI*jB7*£ 0 . 1 #&IC 3 5 5 nm© 

fe^t?^fn. o#©-»M7;i/£is»;5gi-, 4 &<D&yt®m<Dtimitn 
4 &<D&yt&&<o&mfr$mmz&ftitomm*mffl Lxm&mz&%. 
y i**s»3ei- *^>r ^^&*»jigL, 4 8 5 0 ii&m&nx dna 

©±*»E*Jfc£fc4 8 5 0 2fP, BP*>, $13. 5fiNWC*7"C*«. 
( III 2 ) 

w+Zo i on® i o o kmm&o>DUAmmiz&4m&iz, m*miz 
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2 4 

*E*04)tt£iB?iJ<Z)#/ft;*- >J zf J? ? 1/ K ^ ff- *, g > (c £ y 

10«ODNA|ftp»CJ:i;*fliaF**. -ff, KSftlpmOftftCfftt 
£©**e-X*JnA., §DNA^®3' 5fe«lc 4 «f*$ 

wicttas-tt*. mmoumhtez 5 1 . 2x51. 2^111015110 

A£Ji£t-£ 1 0«fflff©«t/jN^K»MJe««7 3~82o^ic, Hi 
-Hi 0o*K»dna©5' *«(c«ASn«K»l©«SE^i:«ffi 

««:5 OttlSfi© i*«[^*y=f5?^U*^K8 3~9 2*^1-*. 
#KWifi*i*l± 1 x I iiim0^$t, 5 /ttmlBPI-eiSmitttcifc^T 

**, 5' *m\z&&<Dmmnizm%zmmmw$:* ) i b , 3 * 

*fc$A*£ 0 ir;UiaStt2 51CICRSL. #^dna&^m 

^«*sb^j & »o* u if 3? ^ i/ ^ k tmmmmit $ * * . 

^** x, 3fcK»DNAI4ittffttSr7 0-$-&Ta«P^6»»1-« > 

1 *-3R*OK»DNA*<tt^f -6. «(C*¥^TIrIC«» 
SrWAlL. tt»DNA©3' *»»=«f^Lfe««^-XK:#«*S:^ 
**. 812 6H»C^1-J:^|c t Il~U 0OKWDNA9 3 - l 0 2 

0 0 KJISSOD N AttftftSI t#tfft*?J 3 4m m®*£ y , » 
« D NA(D3' *iSffiS«:&!I?0 5 1 . 2#mKIK**. 
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2 5 

S*l/*?-K USL, K3fc#tt«*T?wt) tAmp 1 i TaqDN 

itmrnm* 7 utf- Kt «*y , «a*jwtio3tifc$--5> km©* 

*U*^K^©«f«ffig£, &ga^y#_*©££3' ©ffiglcgH 

1 9 Htw^tfli^Hi^ 7 U*?- K£ c J: »j ps$g 

1271^13010;, Cy3. 0, Cy3. 5, C 

y5. 0, Cy 5. 5 (Biological Detection 
System, Inc.B) "C«f8S$tife-5r~i? K d AT P. >r-$?K 
dCTP, >r—y KdGTP, ^r-S?KdTTP7*S. £ft$££fc 

&ttl&/gl/ — If ti 5 3 2 nm©YAGU-f ( 2 OmW) £ 6 3 3 n 
mCHe-NeU-f (20mW) fcfc^S. 4 00«|;^ 

tZ?®7 jjlt-it, 5 4 0-5 8 0 nm, 58O~6 2 0 n 

m, 650~680nm, 6 8 0 ~ 7 3 0 n mlfiSia^ 7 0 %&±©jg 

300-1 i "o o nm©8HTcft&aafln»fl>-e©a« 

Q-'SkTH + Z. ttz, U-tf&£-?£>£3 5 5nm, 5 3 2 n 
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m, 6 3 3 nmommmit i o'^Tt+z. Mfrpw±mmiz&mn 

fib. "tr>'H^lc«®y7X : E>»cJ:^jK^ia^s : ^$Hi^ o £©iS« 
*T «Ufc # , «fc U XfSt&KMftttM iz USE"? § £ . 

SM-rSff-jfiSO 1 V-JtJVl . OWOJLmo*-?, 5 3 2 nmt633 
nm<T>l>-4?m.%tim#, 3 5 5nmOI/- •fJIimWfc, &r/-ttn& 

i=rtt i Miggg&, i o o k%>, m*, m i s 

(KIM9 3) 

***«T?tt»J»*©mRNAO^«-»*J|tfTt*. WZ<J>nM<D 
«Btt^fBSUTV>«ISl 1 ^«<2mRNA£Jj&£tJL, atftJHftffiTCRK 
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2 7 

m©YAGb— »f£6 3 3 nm©He-Ne U-f 02*^^4 8 8n 
nOAr^*>u-foi* ttSt 4t|j7'JXAtl*^4 
mo^y^jl^-it, 5 0 0-5 4 0 nm. 54 0-5 7 0n 

m, 570~590nm, 5 9 0 ~ 6 3 0 n mi*mM$Z 7 0 %#±©» 

3 0 0-1 10 0 nm0ttfflT!£nS»aW£l*-C<0»a 
»ttl<T«ttT*«. tfc, U-tfij«T?** 3 5 5 nm. 4 8 8 n 
B ® a ** ttl O^ttT*-*-*. 313 lH*6*3 4H£5T«*t* 

LTV*S. ^3 lB*6JB3 4Btt, MKdATP, $--s> 

KdCTP, 5>KdGTP, ^--S?KdTTPT*y. »J#-a® 

AM, JOE, TAMRA, ROX (App lied Biosyst 

ems&fif) &«|«U = h07x=;U«©^*5 ©ttBCtt^m* 
FAMft*lLT^*. W-^^U^KWiJO, FAMt JOE, F 
AMi: TAMRA, F AM£ R OX©|fflT?x*;U¥-j£f&£5| SjB - $ 
itS, £ft{C<fcy, 48 8 nm©Ar^t>l/-f ICtoTFAMfe'lt 
JOE, TAMRA, R0X£i3|$&i£TI&jg-C §*. v>1*ft© 
Urfr^KK:- h07x=;l/a6Sr^UT«^LTfey f 3 5 

atfcUVXttil&jft® 1 0 0®fr*>6 Oft (afU >/^tt«S. 
7#*nv-hx 6 0, 1. 4 0NA) £ + **?0itW®aHeu 
>X&2. 5ffif^6 1. 6 7fg (*y WSXftSK, NFKX 1 . 67) 

fflV^fc»»a2*7cCCD*^7tt«fBli©**SfcJ:3 5. 8 
x 3 5.. 8mml?, 3 5 X 3 5 n m<D*% £ ® l ffi%w i o 2 4 x L 0 

2 4H*i^T?<ilfc34XT^*. m?W$»6 0 XI. 6 7T? 
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lOOtefcCD-C, lHSfiO. 3 5X0. 3 5 /imizttfo? Z, ftmz 
»*$*lfc4#glj7 , yXAK«fc »j, 1 7 9 X 1 7 9 vmV>mm<D&1><4 
-2<0&lZftmZtl, 17. 9X17. 9mmO^tSO^Il$ti4O0 

m<, mi 3®tmmziT, totam-zm^zmtevstoft^zuzL 

T35. 8 X 3 5. 8mm©*#$-Ci&£&£na. 48 8 nm, 355 

lt£it£#M£l*&£fl3v^ 0 M3 6 Stc^f J; ^ c, #77^-1 

a»W©-fe;U©WT*iSlC, 10X1 0 Atm ©©«£¥£! 1 j@©gj£-? 
««^-»Ctt^*-ttS, «»F«3©jjS^-ffiatt 4 8 8 nmOU-if^tC 

nr^ffi-ct, ^omytzyrtuzttw-zzz. 3 3oi@©^«©4# 

inttj*©48 8 nm<D]s—wt&mmttiizmfiUsT, mmF 

t^i:8AS*lfcmRNAI4*iJ A&*%?Z> fc©, C©#U ASP 
Vt-oX, ffi^Ltz 3 3 0^©mRNA©|Sl^^T?$tltf, HUfi^Tf^© 
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2 9 

<fcScDNA#SSJ5SS^frt«IS, &StfCj&3 1 H*6»3 4HfCw 
+fl:*HM»3l^U^Ht«^T, mS«2tRI«CD35rJS-c, m RNA 

*#«L. Cint«FfflfcLT*«EWft3et*fTLT*»Av^ mRNA 

tt 1 ktt^gtk«X(DH-e, §l*#wrufc£*©*3tt l nm Sky 

m^±aitiTv^s©T-, svmcb^o fcu^$-f setter. # y a 

#tf?fflffi©^e)»etlS#-^ttmRNA©#^ : ?^P,Ott^'5;©T', d 
£fl3^SJg&B3?iJ&£i£©*££* U y 3 3 Oig©mRNA 

ti e> ©±^©isggE7ij * j»3t"T? £ s . ft e> n fc«2SE3ajit?a£ jk#©x 

4ffi©££ (7f->, ^K'>>, 7T-y, =f-%y) (Dffitlt bftffi 

t&ffi'&l&Zj j 3--hn^o— ;u, 5 hD>T y 

* y if* * l^*^ Ktt, »M&»©tti:©<fcB u c©ffig& 

m 

W****«-CttWIM£fc6ftlr\ *fe*H«5^-Ctt, mRNA©igg 
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3 0 

*ff cflv* «# y ^ ^ oastc <fc y if© j: 

* , tt**ft(Cft*«fS < nn & M » L DNA0 
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3 1 

i $ ® is i 

1. \*&-Q1bZ>®W&m (7, 44, 4 5, 9 3 

~1 0 2) ©-fflSt;:*y:f2*U:*^K ( 8, 8 3-9 2 ) Srffiffimj® 
^E^U^^lx^^K^jg^^LT^Mm^MS^ (1 
0) Srfr^VN, HffB^MKOM^SfiBJiJ^^^fT^^MK^SgB 
3*J&£&tcfc^T . (a) KriB^SmK© 1 U =f* 

^l^^K&^t^Igi:, (b) tfrEffiMm^#SSJS^ML 
Tiiff L^VNct^fcfb^^^tlfc-fk^Kp^^u^-^K (9) oim 

te^^T^tz^mmi^feMx tv** k*<&#l tzttm-e, mmmm 
nmt . ( d ) irtExs ( b ) , xxtmuxm ( c ) y 3gi-x;it 

( c ) \z it S MfSftSMSiiOgft & ftsjfc tc J: y frfc 3 c i: Zft®£ 

4. tM*<Dmm%imM®<D%wt&mmFmzmizt3^T, mut& 

5. ®*<Dmwmimm®(D%mi&mmmyi:mmtzi8^T, m®fc¥ 
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3 2 

t^****i6EWft3ea. 

8. »*©«HJ»l«B«©«WtM3(!|«to6aK:iJV%T. atrial 
B*g«E?»ms£8s. 

10. ^*<t*-»*tl**-e**l»at|» (7, 4 4, 4 5, 9 
3-10 2) ©-8&{C*yrrjS*u*^K (8, 8 3-92) fcjgfilim 

(1 0) &fffcVN, #U^7-ifffl»«^#fiKfS©sjcaiJKS:«-» 
tSftM^r&tCfe^T, (a) WE*ffl«»©l*iafl!>ais^K:*y^5( 
^tfK^tSIlt, (b) ttEffimM#ft££4faiEU 
Tjif7U*v>«fce>Mb^fil|i$tlfc^^«i^^l/^K (9) ftiffi 
*, iTE»S^«0 1*«|^m«l«l^$**Xgi:, ( c ) ITEtift 
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3 3 

txmt, (d) mmxm. (b) , ikvmixm (o z&vmtxm 

11. ^*<£*-»J&U*«rC*3*ffl*R (7, 4 4, 4 5, 9 
3~ 1 0 2) 0-»IC*U=f7^1/^K ( 8, 8 3-9 2) ftfflffig 
*§#£i±, WE* U ^3? * U*^ Kftfij&fc LT*S*t&#/£#:g£j£ 

( 1 .0) fcfr*v\ «TGI»mKOttWi«^l®M«fT4:^ra« 
ME*l*je«K:&v*T. (a) ttEHamo l iMcKCt u 

=f* * U K ft Silt, ( b ) ItBIIflMfrJAff 

»**u:**-k (9) ffrcMattR® i ifmvmmmm^t 

L fcttJTC . WE*fi«R»clS*Lfc3<* K©<fc**aft 
*<bS*«3tfls*fijK*ff4^iai:, (d) friBXS (b) , RlfKr 
IBxa (c) WUitiatML, *E»S*«©l*«iK:II^L 

fcfrEfMMM»s*i/** K©fls***«fl:fcii*LT. tirEtftft* 

SI ©igS&fll ft 1 * i t ft W«t r * &&&3SB?"J 

12. ( a ) ®m®M<D 1 *« ( 7 , 44, 45, 9 3-102) |C 
*3fe«*#ffjtoLfcfr-^ K* K (9) © 1 flfclft&S'ttftX 
8&. (b) U-1fJH» ( 1, 2 I ) CJcUWES^mftttiBL, 

y6tfcm3tfttmLT*aaift«jsr*xs, u) fflEMsgmtcn 
( 2 ) uNEtt3tefliiiiftffrEMSimicii^L&irE^~^ kjc^ 
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3 4 

»EWtfeejij. 

1 3 . ( a ) &SJ&K© 1 *g (7, 44, 45, 93~102)|c 

(b) ll*LfcirjEfls*IM|i3i^i^*^K**iBt«xai:, (c) Kf 
*&*«S**X«£ f (d) irlEXg (a) *S«rE (O ftlRUSB 

1 4 . ft*©igffl^ 1 3 ra«®«M*E9nte!s*»?. weft 

1 5 . fc¥&»2tltzft¥mmzt7]s*9- K ( 9 ) 0 1 <g£ft£M$& 
(7, 44. 45, 93-102) © 1 *C . Atf , ^ 

E»S^6ft(C|g^LTV^>5c^|frE'fb^tti5?^ l/aj-^- Ka<&#LfcttJg 
WEfl:*«»t«rE«fa»»K:J8^Lfc«rEfls*««i5i * u« K 

I 6 . HsRoftBgjg 1 5 3Ett©m«SlB*|ft£&*n%T, ffiE-fb 
-fcfttt«£T*«»tt*E*yfc£a o . 

17. **<£*-»#l**T***ffl*B ( 7, 4 4, 4 5, 9 
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3 5 

3 ~ 1 0 2 ) <D-mz* U if* £ U*? K ( 8 , 8 3 ~ 9 2 ) £*i*jt$£ 
ttEtSM&£&#££jE&jWltiB L TJiff L * «fc 9 izik^m £ tifc 1 

u**- Kerns n*:at*#sajai- s v— *r ( 1 , 15, \Q)t, 
WE«^fr^ft»i-*«^ftii^t*i/>x (27) , «re%3tecottft 

&URt5 7^;^- (32), raS3te&ttA1-«%tttb» (34) 

%tumm&m<D 1 *m\zm$Ltzmm<b¥&mzt is** voitmmm 
1 8. rnxommmi 7&mm<D%mmmmn&%.mwtzs3^T, m 

1 9. fj?#<Z)*Sffl|£ i 7SiB«fe©M«Sge^^li:fcHNT, if 
Ei/-lf&«ffi^5X*>«i»JBWt*c:i:*1*«^t*tt«Ji[|ltE3nj 
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3 6 

2 1 . m*om®% 1 7mBmmmmmmyim^mm\zm^, $u 

«*MttE*.ft£M. 

2 6 . »*(Di8Hai 1 7 m.mwtommmmmmnk&mtz^x t m 

K«fffl«»fc£-X (5. 6, 5 2, 5 3 ) tC#^1"SC + 

2 8. f»*®«SL$$l 7«E*0*W«IBJlJtft3e«aK:J9^T, m 
.EUSWKtlf-X ( 5, 6, 5 2, 6 3 )iC(HtL, U-1fKJ:«* 



WO 98/33939 



PCT/JP97/00239 



3 7 

2 9. ffi*®ffifiggi 7^i3«0«i|Jfi|||2^^ fitcfc v>T, Iff 

WM»i«tttWftif-x (6. 53) (=«***, ®mv-x 

3 2. 5J>* lfcfc-easagttB ( 7, 9 3- 1 0 2) 
®-*C*y««r|,^K (8, 8 3-9 2) »«M«||«««. tt 

B*U^x^i/^K«JU2:LT««MiMf|iU« ( l 0) tft* 
v \ # U * 9 — if ®££&£ & £ tf-ftKft k 

«3te«s*ISfi1-4Bu— if (15, 1 6) £, tflB£ft#*&9ef-«g 

(3 2), irctt%«ttttr««tttfi» (3 4) mm** 
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3 8 

tut* voHt^mmzmtzttzt mo ml, tnammmma i * 
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